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1 Introduction
Cultural properties inform today’s society 
of changes in past social structures created 
through the wisdom and creativity of human 
beings since time immemorial. They are assets 
shared by all humanity for use in the creation of 
contemporary and future cultural society. Down 
through the ages, they have been influenced by 
all kinds of factors, including natural conditions, 
before coming into our possession. Furthermore, 
they are precious; should they ever be lost, they 
cannot be recovered. It is the responsibility of 
today’s society to preserve this inheritance, to 
pass it on to future generations. The Agency for 
Cultural Affairs states that cultural properties 
are “an important national heritage born and 
fostered during Japan’s long history, protected 
and passed down to today’s generation. Cultural 
properties are essential for gaining an accurate 
understanding the history and culture of Japan, 
and also form the foundations for its future 
cultural growth and development”[1].
Regarding the Improving the public awareness 
of science and technology, Chapter 4 of the Third 
Science and Technology Basic Plan approved by 
the Cabinet in March 2006, “S&T to Be Supported 
by Society and the Public”, states, “We also need 
to implement new methods for the merging of 
S&T, culture, and the arts, so that society and 
the public may gain a deeper understanding and 
awareness of S&T”[2].
Furthermore, Part 1, Chapter 2, Section 3 of 
the White Paper on Science and Technology 
2006, “Science and Technology Contributing to 
Building a Spiritually Wealthy Society”, addresses 
“Science and Technology to Contr ibute to 
Preservation/Utilization of Cultural Heritage and 
Creation of Arts”[3].
Because the private sector cannot afford the 
costs of preserving cultural properties, it is a field 
that the national government must address.
The 2004 amendment to the Law for the 
Protection of Cultural Properties divided cultural 
properties into the six categories shown in Figure 
1, effective on April 1, 2005.
The essence of preserving cultural properties 
is to protect their value and pass them on to 
posterity. Recently, there has also emerged 
the viewpoint that efforts should be made to 
effectively use cultural properties and create 
new value from them. In other words, integrating 
Japan’s unique cultural properties with science 
and technology while generating new added 
value and preserving cultural properties of 
high historical value as a heritage for future 
generations is regarded as an important issue[4].
This article examines trends in the use of 
science and technology for the preservation 
and restoration of cultural properties, primarily 
those of tangible cultural properties. In order 
to preserve tangible cultural properties, it 
is necessary to utilize selected conservation 
techniques systems and other procedures 
for maintaining and transmitting traditional 
techn iques,  and to develop preser vat ion 
technology based on modern science. This 
report therefore looks at recent science and 
technology for the preservation, restoration, 
and utilization of cultural properties. It should 
be noted that there are currently two streams of 
technology for the preservation and restoration of 
tangible cultural properties: technologies for the 
conservation of cultural properties themselves by 
maintaining favorable environments that control 
deterioration; and technologies for preservation 
through the compilation of databases using 
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digital archives and other information technology. 
Obviously, both approaches are necessary for the 
preservation and restoration of tangible cultural 
properties.
Source: Reference[5]
Figure 1 : Schematic diagram of cultural properties
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2 Causes of deterioration of
 tangible cultural property
The idea at the center of preservation measures 
for tangible cultural properties is the control of 
deterioration through maintenance of favorable 
preservation environments. Everything on Earth 
is constantly degrading and changing in response 
to its environment. Thus, preservation measures 
for tangible cultural properties must somehow 
protect them from the effects of water, air, light, 
temperature, humidity, contaminants in the air, 
insects, mold, and other factors. Furthermore, 
Table 1 : Causes of deterioration affecting tangible cultural property
◎ Strong effect,  ○ Some effect Prepared by the STFC based on References[6, 7]
Major causes of deterioration
Major environmental factors
Air pollution Indoor pollution Animals
Interior and exterior stress on 
stone materials (stone and similar 
materials); salt weathering (damage 
from salt crystallization); air pollution; 
freezing damage; damage to 
stone materials from plant roots; 
proliferation of algae, mosses, 
and lichens; soil microorganisms; 
infestation with animals
◎ ○ ◎
Major causes are rust, and damage 
due to physical and structural defects
For bronze statues, etc., displayed 
outdoors, acid rain causes rust 
corrosion
◎ ○ ○ ○ ○
For outdoor wooden buildings and 
small cultural properties held in 
museums, damages by insects
◎ ◎ ◎
Damages by light, dust, vibration, 
indoor heating, and water are 
common and serious; sensitive to 
mold
◎ ◎ ○ ○ ○ ◎ ◎ ○ ◎ ◎
Caused by aging and defects of 
material used ○ ◎ ○ ○ ◎ ○ ○ ◎ ◎
Linen fabric fibers are resistant to 
alkalis and insects but weak against 
mold and acids
Fibers of dyed silk fabrics are weak 
against alkalis and insects but 
resistant to mold
◎ ◎ ◎ ○ ○ ○ ◎ ◎ ◎ ◎
Paper is damaged by dryness
Biological deterioration by insects 
and mold; chemical deterioration by 
acidic paper; physical deterioration 
by excessive dryness, tearing, 
scratching, and contamination
○ ◎ ○ ○ ○ ○ ○ ○ ◎ ◎
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responses to ozone, carbon dioxide, nitrogen 
oxides, sulfur oxides, dust, etc. are necessary[6].
In particular, outdoor cultural properties such 
as stone object, shrines and temple buildings 
are often subject to stone weathering and wood 
and paint deterioration due to changes in the 
natural environment, creating difficult conditions 
for preservation. This is not limited to Japan. In 
Europe, which is diligent in the preservation of 
cultural properties, acid rain damage is a serious 
problem. Currently, considerable progress is 
being made on assessment of the impact of 
natural environments on cultural properties, 
survey research on mitigation of such impacts, 
and the development of restoration technology. 
In addition, the impact of natural environments 
on cultural properties kept indoors, which 
is relatively lighter, has become much more 
noticeable in recent years.
Table 1 depicts causes of deterioration that 
affect tangible cultural properties. It is necessary 
to consider the degree of harm and the likelihood 
of occurrence of different causes of deterioration, 
assess their risks, and prioritize countermeasures.
3 Technologies for surveying,
 preserving, and restoring
 tangible cultural property
T he  pu r pose s  o f  su r vey  re sea rch  a nd  
preservation and restoration of tangible cultural 
properties can be broadly classified into two 
categories. The first purpose is assessment and 
confirmation of the scholarly value of cultural 
properties. In other words, experts confirm 
and elucidate the materials and methods and 
dates of creation of cultural properties in order 
to assess them. At the same time, this provides 
data that support research in related fields such 
as anthropology, archeology, art history, and 
architectural history. The second purpose is 
materials surveys and elucidation of deterioration 
mechanisms in order to aid preservation and 
restoration. Deterioration phenomena vary widely 
depending on the type of cultural property and 
the preservation environment. For example, in 
museum environments, temperature, humidity, 
light, and air are the primary factors, while 
groundwater and climate changes are important 
for ruins. Preservation measures against such 
causes of deterioration are an important issue in 
the conservation of cultural properties[8].
3-1 Survey methods for tangible cultural
 property
Scientif ic analysis identif ies how cultural 
properties were made, their structures and 
materials. For example, X-ray fluorescent analysis 
shows elemental composition qualitatively and 
quantitatively, and X-ray diffraction analysis can 
analyze crystal components. Table 2 summarizes 
the major structural and materials analysis 
technology methods used in surveys of tangible 
cultural properties. The following is a discussion 
of structural survey methods and materials 
analysis methods.
(1) Structural survey methods
St r uctu ra l  su r veys of  t ang ible cu ltu ra l  
proper t ies  genera l ly  use  nondest r uct ive  
testing methods. These do not damage cultural 
properties; instead, they use infrared rays, 
ultraviolet rays, X-rays, etc. to acquire images of 
aspects of cultural properties that are invisible to 
the naked eye without making contact with the 
subjects[9].
Optical methods using infrared rays, ultraviolet 
rays, X-rays, gamma rays, etc. are effective in 
revealing the internal structure of Buddhist 
statues, sketches underneath paintings, and other 
aspects that cannot be seen with the naked eye. 
Recently, infrared video cameras have been used 
to discern the writing on ancient wooden strips 
and documents whose India ink has faded, and to 
examine murals and paintings[8].
Major developments in structural survey 
methods occur red in the 1980s with the 
use of X - ray CT for structura l sur veys of 
three - dimensional cultural properties such 
as sculptures and archeological artifacts. In 
recent years, X-ray radiography using non-film 
imaging plates has also been employed. There 
is considerable use of comprehensive surveying 
that combines this method with f luorescence 
images that use visible light rather than ultraviolet 
rays for excitation, high-resolution color images, 
infrared images, etc.[9].
X-ray radiography in cultural property surveys 
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is a typical example[10].
X- rays provide a shorter wavelength light 
(electromagnetic waves) than ultraviolet rays, 
and have strong penetrating power. Besides 
ar t and craf t works such as paintings and 
sculptures, they are used to survey buildings and 
archeological artifacts. On film photographed 
with transmission X- rays, high - density areas 
Table 2 : Major analysis methods used to survey tangible cultural property
Purpose Method Target of observation Example of use Problem areas
Radiation imaging 
(X-ray radiography, 
X-ray CT, gamma 
ray radiography, 
neutron 
radiography)
Buildings and sculptures, 
paintings, craftworks, 
excavated artifacts of wood, 
paper, cloth, earth, stone, 
metal, etc.
Examination of subject’s internal 
structure
X-ray CT and neutron radiography 
require movement of the materials.
Even if the radiation source can be 
moved, sufficient radiation protection 
and shielding measures are 
necessary
Infrared 
photography
Sketches under paintings, 
discernment of writing on 
wooden strips, paintings 
whose surfaces are unclear 
because of dirt, etc.
Because the high resolution enables 
observation of details, large film such 
as 4 × 5 for painting surveys
For deciphering wooden strips or paper 
documents soaked with lacquer, video 
equipment with infrared camera tubes 
(vidicons) or silicon CCD sensors
With some exceptions, photographic 
film is only sensitive to light between 
700-900 nm. Infrared sensor work 
with longer wavelengths but cannot 
obtain the high resolution as that of 
film.
Ultraviolet 
fluorography
Oil, glue, silk, and other 
organic materials that 
fluoresce when struck by 
ultraviolet rays or visible light
Survey of oil paintings for repairs 
because new varnish does not give off 
fluorescence
Organic pigments give off characteristic 
fluorescent colors, enabling inference 
of use and types
The fluorescence given off is weak, 
so misinterpretation is easy and 
judgment is difficult
Stereomicroscope 
photography
Peeling, staining, 
overlapping of paintings, etc., 
manufacturing technology, 
materials, deterioration state, 
etc.
Uses light refracted by a lens for 
expanded observation of detailed areas
Identification of the weaves of cloth and 
paper used as the base material for 
paintings
Repair of details 
A magnification of a few powers of 10 
is generally the maximum
Emissiography 
(photoelectron 
photography)
Paintings and craftworks with 
inlays, archeological materials, 
etc.
Murals not suitable for 
radiography, etc.
Surveys of the heavy chemical 
elements parts
Because the subject and the film are 
in contact, it cannot be used with 
deteriorated paintings because it 
may pull paint from the surface
 X-ray fluorescent 
analysis
Earthenware, ceramics, metal 
utensils, paintings, stoneware, 
etc.
Mainly qualitative and quantitative 
analysis of chemical elements in 
inorganic materials
Nondestructive acquisition of elemental 
composition data of materials of 
unknown composition
Measurements in the atmosphere 
cannot accurately analyze aluminum, 
silicon, and other light chemical 
elements from potassium down
X-ray 
microanalysis 
(EPMA)
Mainly inorganic materials
Chemical elements analysis of minute 
areas with electron microscopes
Mainly analysis (mapping) of the 
primary components of microscopic 
areas of inorganic materials 
Quantitative analysis requires a 
vacuum sample chamber, needs at 
least small samples
Because it is microanalysis, multiple 
samples from all over the subject are 
required for segregation surveys of 
metal components
Infrared absorption 
spectrum analysis 
Organic materials 
(natural/compounds), 
dyes, resins, fats and oils, 
adhesives, paints, fibers, 
paper, leather, etc.
Some pigments (paint) and 
other inorganic materials that 
absorb in the infrared domain
Identification of organic material and 
surveys of changes
Identification of materials requires an 
extensive library
Gas 
chromatography
Painting media (vehicles), etc.
Identification of compounds
Usually combined with mass 
spectrometer
Separated determination usually 
requires preprocessing, knowledge 
of chemistry and training in 
equipment operation are necessary
X-ray diffraction 
analysis
Rock and related materials, 
metal, pigments, etc.
Other light chemical 
elements , not suited for x-ray 
fluorescent analysis, lapis 
lazuli pigment, etc.
Identification of crystals
Deterioration of stone objects
Analysis of surface rust on metal 
objects
Rocks differ widely by how their 
minerals join, so identification 
of rocks without combining with 
polarizing microscope observation is 
difficult
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appear l ight, whi le low - density areas are 
dark. Differences in the subject’s density thus 
appear as a distribution of light and dark areas 
on X-ray film. This enables, for example, the 
distinguishing of heavy chemical elements from 
light chemical elements even within the same 
pigment. However, if all pigments are composed 
mainly of light chemical elements, they cannot be 
distinguished through X-ray radiography alone. 
Furthermore, because the primary components 
of dyes are always light elements such as carbon, 
X-ray radiography cannot be used to distinguish 
them.
The thickness of the subject also affects X-ray 
absorption. Even if the substances have the same 
density, the thicker they are the more X-rays they 
will absorb and the lighter they will appear on 
the film. In actual X-ray radiography, therefore, 
one must take care to note whether the light 
and dark areas on X-ray film are the result of the 
subject’s density or of differences in thickness. 
Gold leaf and silver leaf are good examples of 
the problem caused by thickness. Gold is a very 
heavy element, but when used in gold leaf it is 
extremely thin, about 0.1 µm. This makes X-ray 
radiography using film difficult. Recently, there 
has been a move to the use of sensitive imaging 
plates instead of film, enabling imaging of gold 
leaf. Because the edges of leaf are aligned when 
it is applied to a surface, the overlapping areas 
are thicker. This difference in thickness appears 
in X-ray transmission images, so one may discern 
if leaf is used by comparing the light and dark 
pattern with the actual surface.
X - ray rad iography i s  ut i l i zed to sur vey 
internal structures that cannot be viewed 
from the outside. It is an essential step in the 
surveying of wooden sculptures. Survey methods 
similar to X-ray radiography include X-ray CT, 
Emissiography (photoelectron photography), and 
other nondestructive methods.
(2) Materials analysis methods
Materials analysis of cultural properties can 
achieve three purposes. First, determination of 
materials originally employed enables use of the 
same materials in repairs. Second, knowledge of 
the materials enables the creation of appropriate 
conser vat ion envi ronments (temperature, 
humidity, etc.). Final ly, understanding the 
technical level of cultural properties aids in 
determining their value[3].
Analysis of the materials in cultural property 
items is a necessary basic step in preservation 
repairs. When determining the materials used 
in cultural properties, X-ray fluorescent analysis 
equipment might be used for inorganic materials, 
while infrared absorption spectrum analysis 
might be used for organic materials. This enables 
identification of various types of paints. It also 
enables estimation of the nature of the colors at 
the time the item was created, making possible 
restorative reproduction using the same materials. 
It is also useful in judging whether or not an item 
is counterfeit.
X-ray fluorescent analysis in cultural property 
surveys is a typical example[11].
X-ray f luorescent analysis is widely used in 
material surveys of cultural properties to measure 
the types and amounts (content by percentage) 
of chemical elements in various substances. 
Analysis samples may be solids or liquids, and, in 
the case of elements heavier than potassium, can 
be measured in the air. The primary reason X-ray 
f luorescent analysis is used for many material 
surveys of cultural properties and works of art 
is that it enables nondestructive, noncontact 
analysis.
In surveying cultural properties, compact 
device size is an important factor. Portable X-ray 
fluorescent analysis equipment was developed in 
1999. Because it does not require movement of 
the subject to be measured, it has made possible 
relatively easy surveying of even large paintings 
and sculptures that previously were difficult 
to examine with nondestructive methods. The 
first use of compact X-ray fluorescent analysis 
equipment was for analysis of rock composition 
on Mars by the expedition of unmanned Mars 
probe, “Mars Pathf inder,” in 1997. Hence, 
technology developed for space exploration came 
to have an impact on cultural properties as well.
To date,  appl icat ion of  por t able  X - r ay  
f luorescent analysis equipment to material 
surveys of various cultural properties has led to 
many new discoveries. For example, examination 
of the scroll paintings of a national treasure the 
Tale of Genji at the Tokugawa Art Museum and 
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the Gotoh Museum identified white material 
whose main component was mercury, while 
surveys of the national treasure Iron Sword of 
Inariyama (Museum of he Sakitama Ancient Burial 
Mounds) found that two kinds of gold - silver 
alloys formed the gold inlay. Furthermore, a 2003 
survey of the national treasure Red and White 
Plum Blossoms (MOA Museum of Art) discovered 
through combination with high-resolution color 
image photography that the established theory 
that gold and silver leaf had been used was 
incorrect.
(3) Constraints and problems with
 technological survey methods
Proper preservation of tangible cultural 
properties f irst requires scientif ic analysis. 
Scienti f ic analysis of cultural properties is 
performed with devices developed for general 
scientific research. In principle, they can be 
used as-is but, because the targets of analysis for 
cultural properties are not necessarily the same 
as those for general materials, some changes to 
methods and instruments are often necessary. 
The primary causes[5] are as follows:
•  Analysis is often performed without knowing 
in advance what substances and materials 
compose the cultural properties.
•  When cultural properties cannot easily be 
moved, analysis using lower-performance 
portable devices is necessary.
•  Analysis of cultural properties must be 
nondestructive, use only small samples, etc.
These factors tend to lower analysis accuracy. 
In order to increase accuracy, improvement of 
analysis equipment and better performance are 
essential, but the market for cultural properties 
is small, so it is difficult to develop equipment 
solely for that purpose. Furthermore, there are 
constraints on the analysis of cultural properties. 
Problems may easi ly occur i f leading - edge 
equipment and methods are immediately adopted 
for analysis of cultural properties. Expected 
results and potential problems in use must 
be fully considered. In addition, leading-edge 
equipment is often expensive and requires a 
high degree of expertise in its operation, making 
adoption difficult in both economic and human 
terms.
3-2 Preservation and restoration technology
 for tangible cultural property
The word “preservation” is widely used to 
include the meaning, “restoration”, but if one 
wishes to distinguish between the two terms, 
“preservation” is the attempt to save cultural 
properties for a long period by arranging the 
environments around them, while “restoration” 
is the attempt to save cultural properties for long 
periods by working directly on them to repair 
damage. Technologies for the preservation and 
restoration of tangible cultural properties are 
summarized in Table 3.
In research and development of materials and 
restoration technology for the preservation and 
restoration of tangible cultural properties, Japan 
should respect its ancient traditional techniques 
and materials while adopting new technology 
and scientific materials to supplement their 
weak points. It is necessary to promote research 
and development on restoration techniques that 
actively utilize science and technology, such as 
new restoration materials.
Here, this report discusses new f indings 
regarding aged paste (furunori) as an example of 
restoration materials[13].
Among repai r technolog ies for cu ltura l  
proper t ies, an adhesive ca l led aged paste 
(furunori) is a traditional restoration material 
used in this work. This aged paste (furunori) 
is used in a mounting process, called soko, for 
Japanese paintings. Each repair workshop makes 
its own version by placing wheat starch paste 
boiled into a large jar on the day of taikan (the 
coldest season) and aging it under the floor for 
about 10 years before use. These 10 years are 
precisely the period required for a paper hanger 
to master the craft. According to traditional 
culture, after 10 years the paper hanger would be 
ready to become independent and would receive 
a portion of the aged paste (furunori) he had put 
down as he left to start his own business. After 
10 years of aging, the nature of the aged paste 
(furunori) could vary widely in both color and 
smell. Even in the same repair workshop, it often 
varied by the jar, and obtaining good aged paste 
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Table 3 : Technology for the preservation and restoration of tangible cultural property
Prepared by the STFC based on Reference[6]
Type of 
cultural 
property
Changes 
in cultural 
properties
Preservation technology Restoration technology
•  For outdoor stone objects, placement of sheds or roofs to protect 
from wind, rain, and sunlight, and to minimize temperature and 
humidity changes
•  Water contributes to stone deterioration. Prevent direct penetration 
of stone by rainwater through placement of sheds or roofs or water 
repellent coatings; measures against groundwater infiltration and 
indirect penetration by rainwater have not been established.
•  Remove algae, lichens, mosses; prevent and eliminate 
microorganism proliferation by washing with water; eliminate 
organisms by application of chemicals as needed
•  To maintain crumbling stone, impregnate and strengthen with resins
•  Take direct measures on the stone; desalinate to eliminate 
soluble salts in the stone and prevent salt crystallization damage; 
impregnate the stone surface layer with water repellent to keep out 
water
•  Epoxy resins are effective adhesives for cracked 
stone
•  To rejoin cracks, fissures, and small interstices, 
inject resins into those areas to harden
•  Replace or form missing parts by joining new stone
•  Survey the status of incrustation and deterioration by microscope; 
survey structural damage such as rusting internal structure or 
fissures by radiography, etc.; material analysis by x-ray fluorescent 
analysis; identify rust with x-ray diffraction analysis
•  Rust stabilization is primarily desalinization that 
extracts and eliminates chloride ions that cause 
rust and elimination of chloride and sulfide ions in 
objects by application of alkaline solutions
•  Strengthening is reinforcement with reversible 
acrylic resins injected by decompression; a resin 
layer forms, isolating it from outside air for a 
rust-prevention effect
•  For missing pieces, fragments can be reattached 
with epoxy or cellulose adhesives; repairs can be 
made with plastic synthetic resins
•  Outdoors, after eliminating surface contaminants 
and pernicious rust, coat with acrylic resins or wax 
to create a protective surface layer and prevent 
corrosion
•  Survey insect damage and exterminate pests
•  Insect damage countermeasures include development of low 
oxygen density and temperature methods, control of damage 
generation through environmental management, closing of insect 
access routes, early detection, regular inspections, and surveys of 
damage by organisms, etc.
•  To forcibly eliminate moisture from excavated wood 
without causing changes in its shape, use vacuum 
freeze drying or PEG impregnation, higher alcohol, 
sugar alcohol, etc.
•  Enhance the preservation environment to protect from year-round 
temperature/humidity changes inside and outside buildings 
(including rock faces)
•  Use optical devices such as microscopes, ultraviolet rays, infrared 
rays, x-rays to clarify the work's structure and any damaged areas, 
perform restoration work after making photographic records
•  It is necessary to maintain uniform thickness and 
even characteristics (rigidity, flexibility, contractility, 
smoothness, water resistance) throughout the 
surface of a painting
•  To strengthen the adherence and support of paint 
layers, use candles, natural resins, glue, etc., 
as well as synthetic resins (polyvinyl acetate, 
acrylic, etc.), after selecting appropriate materials 
according to the condition of the painting
•  Examine under oblique light to grasp the work's surface 
undulations, the artist's techniques, and damage (paint layer 
fissures, peeling, support deformation, damage, etc.); use optical 
devices such as microscopes, ultraviolet rays, infrared rays, x-rays, 
etc., to clarify the work's structure and any damaged areas; perform 
restoration work after making photographic records
•  The main cause of paint layer fixing and peeling 
is large fluctuation of relative humidity; stabilize 
humidity with air conditioning, perform support 
strengthening and correction and surface cleaning; 
fill and shape missing areas; add color; apply 
protective coating
•  Dyed textiles are vulnerable to light (especially ultraviolet rays) 
and changes in temperature and humidity. For preservation and 
exhibition, use lighting that cuts ultraviolet rays; maintain stable 
temperature and humidity
•  Avoid long-term exhibition, store in boxes or drawers that block light
•  When restoring donated treasures, if damage is 
remarkable, line and arrest further damage
• Storage condition is the core
•  For degree of deterioration, survey the environment, including 
polluted air, high temperature, high or low humidity, insect damage, 
mold damage, etc.
•  Enhance the environment, i.e., temperature, 
humidity, storage facilities, etc.; clean storage 
buildings; inspect regularly; prevent insect and mold 
damage by exterminating insects and disinfection
•  To enhance preservation containers and arrest 
deterioration, deoxidize, reinforce damaged areas 
with lining, use papermaking methods, prepare 
preservation data for each series of work
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(furunori) entailed a large element of chance. 
However, its common characteristics were that it 
was softer than the wheat starch paste that was 
its raw material, was weakly adhesive, was easily 
removed after application by wetting, was less 
likely to grow moldy than wheat starch paste, 
and was acidic. Aged paste (furunori) was used in 
lining work (building layers of washi (Japanese 
paper) from underneath). If the adhesive was 
too strong in these layers of washi ( Japanese 
paper), it would place too much tension on the 
delicate paper it was attached to, which could 
cause damage. Using weak adhesive for this 
lining is thought to have been a rule of thumb. 
In addition, the fact that it easily separates when 
wetted is also an advantage, enabling easy repair 
of mounts that require redoing every few decades 
(or centuries). However, these characteristics 
were learned only empirically and had never been 
explained on a scientific basis.
Scientific analysis of aged paste (furunori) in 
recent years has found that, among its physical 
properties the aging (re-crystallization) of starch 
is striking. Its molecular weight is lower and it 
includes many organic acids, which are thought 
to be products of the degradation of the starch. 
As the starch ages, when used as an adhesive it 
becomes more difficult for molecules to entangle. 
This is why the presence of water makes it easy 
to peel and to re-repair aged paste (furunori). In 
addition, regarding the loss of molecular weight 
and the generation of organic acids, the results of 
microorganism surveys early in the preservation 
period and molecular weight changes suggest 
that enzymes produced by mold contribute to 
the decreased molecular weight of aged paste 
(furunori). The presence of organic acids causes 
it to display acidity. This research made it clear 
that traditional techniques and materials are also 
rational from a scientific point of view.
These data became the basis for the preparation 
of materials with the same physical properties 
as aged paste (furunori) in a short period. By 
keeping wheat starch paste at temperature and 
humidity levels that facilitate aging, artificially 
activating enzymes, and adding organic acids, 
it is possible to realize a material with physical 
proper t ies s imi lar to those of aged paste 
(furunori) in the space of only a few weeks.
3-3 Current and future initiatives on
 technologies for the preservation and
 restoration of tangible cultural property
(1) Research and development of preservation
 and restoration technologies
Preservation of tangible cultural properties 
r e q u i r e s  d e t a i l e d  r e s p o n s e s  t o  t h e i r  
characteristics. For example, in the case of 
art and craft works, careful daily preservation 
and control is important, while for buildings, 
systematic preservation and control with medium 
and long-term perspectives is necessary[14]. From 
the perspective of protecting the value of true 
cultural properties, it therefore is and will remain 
necessary to advance research and development 
that actively adopts the latest science and 
technology.
It is necessary to advance the development 
of technologies for the preservation of sites and 
preservation materials. In particular, because 
buried cultural properties that have existed in the 
same state underground for a thousand years or 
more begin to deteriorate from the moment they 
are unearthed, immediate preservation measures 
are necessary. Rather than restoration measures 
based on traditional techniques, almost al l 
treatment and restoration should apply advanced 
scienti f ic methods from the perspective of 
halting the progress of deterioration as quickly as 
possible.
Not only should future analytical instruments 
be more accurate, but cultural proper ties 
researchers also must become actively involved in 
the development of leading - edge analytical 
instruments and the development of analysis 
methods  that  a re  appl icable  to  cu l t u r a l  
properties[5].
In addition, there is a need for efforts to record 
and preserve scientifically researched causes of 
the deterioration of cultural properties and to 
develop restoration simulation technology that 
can aid in the setting of restoration policy.
(2) Establishment of education programs
The number of universities and graduate 
schools with departments or courses related 
to cultural properties is gradually increasing. 
Upgrading of the organizations that will accept 
such researchers is vital. Support so that they 
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can be fully active is therefore necessary, not 
just from museums, but also from relevant 
organizations and all industries connected to 
the field. For example, the Japan Society for the 
Promotion of Science should set up fellowships in 
cultural properties preservation.
In Europe, there are practice standards for 
preservation and restoration, and restoration is 
based on these standards. In addition, educational 
courses are organized. In Japan, too, there is a 
need for examination of a qualification system for 
cultural properties restoration technologists who 
directly handle preservation and restoration, like 
the “Restorer of Cultural Properties”[15] of Europe 
and the USA.
Currently, the Japanese universities with 
educat iona l  programs related to cu ltura l  
properties are Tohoku University of Art and 
Design,  Tohoku Un ivers it y,  Un ivers it y of  
Tsukuba, Tokyo National University of Fine Arts 
and Music, Tokyo Gakugei University, Kyoto 
University, Kyoto University of Art and Design, 
Nara University, Kibi International University, and 
Beppu University. In terms of human resources 
development, it is necessary to build cooperation 
with other i nst i tut ions,  such as  forming 
associations with universities with departments 
related to cultural properties, dispatching experts 
to other universities, and otherwise. It should be 
noted that most universities with departments 
related to cultural properties are positioned 
as literature or art schools. In order to acquire 
knowledge of the above - discussed materials, 
science and analytics, as well as the technology 
to hand le the most  advanced equ ipment 
and devices, they should create cooperative 
educational programs that allow students to 
transfer credits from scientific analysis curricula, 
not only within their own universities but also 
from outside universities.
(3) International exchanges on tangible
 cultural property
As global ization advances, momentum is 
gather ing in var ious foreign countr ies for 
conservation of cultural properties. There 
is a movement, centered on internat ional 
organizations, to respect cultural diversity, and 
concrete initiatives for the protection of cultural 
properties are being advanced.
On the other hand, problems exist in the 
fact that views on the protection of cultural 
properties vary by country, region, culture, and 
religion, and in the situation whereby standards 
and rules for preservation and restoration also 
vary. The structures and materials of cultural 
properties vary by country, and preservation 
philosophies and techniques also differ. On 
the international level, it is a given that such 
gaps in perspective will exist. It is necessary 
that international exchanges and cooperation 
around cultural properties proceed based on 
deep empathy for cultural diversity and from a 
perspective of increasing mutual understanding 
between countries.
4 Information technology
 supporting compilation of 
 databases of cultural properties
Deterioration of cultural properties accelerates 
with the change in environment that occurs 
immediately after discovery. Deterioration can 
be slowed, but it is difficult to completely halt. 
At some point, therefore, deteriorating cultural 
properties should be converted to media. This 
necessitates advancement of preser vat ion 
technology in the form of digital archives and 
compilation of databases with information 
technology. Dig it izat ion ensures accurate 
maintenance of materials without deterioration 
over the years, enabling both their transmission 
to future generat ions and more ef fect ive 
responses in the event of disaster. In addition, the 
Internet can be effective in making such materials 
more widely accessible to the public. Recently, 
precision three-dimensional form analysis and 
quantitative comparison of the characteristics 
of cultural properties from different regions and 
of different ages have become possible. This 
represents a significant contribution to scholarly 
research on the cultural properties themselves.
As for computerization of cultural properties, 
the Agency for Cultural Affairs and the Ministry 
of Internal Affairs and Communications are taking 
the lead in digitizing and archiving information 
related to cultural properties designated by 
the national government and the collections in 
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national museums[16].
4-1 Digital archiving of cultural properties
Over the five years from FY 2004 through FY 
2008, the Ministry of Education, Culture, Sports, 
Science and Technology is conducting a project 
on “Development of fundamental sof tware 
technologies for digital archives to preserve and 
utilize intellectual assets”. This includes “digital 
archiving of cultural properties”.
Tangible and intangible cultural properties 
constitute an important national heritage, but 
many such properties may be lost over time. 
Constant consideration must be given to the 
characteristics of cultural properties and to their 
preservation. Information science and technology 
should be utilized for electronic preservation, 
and active publication and transmission of 
cultural properties should be advanced as well as 
succession to the future generations[17]. The above 
project is researching and developing software 
technology needed for the digital archiving of 
cultural properties.
Digital archives of cultural properties have 
been constructed over the last two decades, 
and their parameters have expanded with 
the development of inputting (multifunction 
high- fidelity digitization technology), storage 
(large - capacity memory equipment), access 
(high - speed networks), etc. They now cover 
a diverse array of cultural properties. As a 
result of progress in measurement technology, 
higher definition is advancing through higher 
resolutions, three - dimensional digitization, 
X-rays, multispectrum measurement, etc. Along 
with better recording, it is now possible to realize 
storage that is very close to the conditions and 
qualities of the real thing. For paintings, books, 
textiles, and other two-dimensional, flat, static 
subjects, current highly precise and accurate 
measurement technology has constructed 
very high - quality digital archives. For small 
three - dimensional objects, too, a variety of 
three-dimensional form measurement equipment 
ha s  been appl ied .  P rec i se  measu rement  
technology for spectral reflection characteristics 
has been developed[18].
On the research level, development of digitization 
technology for large three-dimensional statues, 
such as Great Buddha images, is progressing in 
the countries throughout the world. However, 
when digitization is applied to larger subjects, 
three-dimensional form measurement equipment 
is unable to measure the entire object in one 
pass, so the measurement equipment must be 
repeatedly moved. Alignment of numerous pieces 
of partial three - dimensional form data thus 
becomes necessary. Advanced computer vision 
technology is being used to seek an accurate 
three - dimensional form for entire objects. 
Figure 2 : Processing steps for the digitization of large-scale tangible cultural assets
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Development of digitization technology that can 
handle large buildings such as a Great Buddha 
hall or a ruined temple is progressing[18]. Figure 
2 depicts the basic elements and process of 
digitizing objects.
Three-dimensional digitization also represents 
a major contribution to scholarly research on 
cultural properties. For example, it has enabled 
three -dimensional, quantitative, and accurate 
comparison of correlations of changes in the 
faces of Buddha statues from different areas 
and periods, and of configurations of ancient 
burial mounds in various locations, as measured 
with conventional two - dimensional surface 
characteristic analysis and rulers and measuring 
tape for rough three-dimensional form analysis.
4-2 Preservation and access through virtual
 reality technology
Virtual reality technology uses computers to 
create artificial environments that people can 
enter and freely move within. Using such virtual 
reality technology, museums, for example, can 
create experiential exhibits and provide access to 
them over the Internet. This technology is widely 
used in various foreign countries.
Fur thermore,  i t  i s  now poss ible to use 
augmented reality technology to add artificial 
reality to actual spaces in the form of data or 
images, and to use telexistence technology that 
provides high realistic sensation to the people 
in distant locations as if they are present and 
perform work and exchange ideas[5].
4-3 Cultural Heritage Online concept
There is great value in networking cultural 
properties in var ious locations in order to 
provide comprehensive information on cultural 
proper ties in Japan and abroad. Bel ieving 
it necessar y to establ ish a comprehensive 
promotion st rategy for cu ltura l  proper t y 
computer ization in order to promote such 
computerization[19], the Agency for Cultural 
Affairs and the Ministry of Internal Affairs and 
Communications have been working together 
since Apri l 2003 to promote the “Cultural 
Heritage Online concept”[20]. This concept 
uses broadband (high - speed, high - capacity 
Figure 3 : Cultural Heritage On-line Concept  Overall scheme
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telecommunications) to provide access to 
information on national and local tangible and 
intangible cultural properties (including video of 
traditional performing arts).
As depicted in Figure 3, this concept provides 
an environment that allows anyone to utilize the 
Internet to easily view information on diverse 
cultural properties, whenever they so desire. At 
the same time, the concept is aimed at increasing 
international awareness and appreciation of 
Japan’s cultural properties. Besides promoting 
dig ita l archiving by museums and related 
organizations, the project will frame “Cultural 
Heritage Online” as an Internet portal site*1 for 
cultural properties. This facility will collect data 
on diverse cultural properties and transmit it both 
throughout Japan and overseas[19]. A trial version 
with public access has been running since April 
2004. The National Institute of Informatics of 
the Research Organization of Information and 
Systems provides technical support. The goal is 
to have about 1,000 museums and other relevant 
organizations participating by the end of FY 
2006.
4-4 Current and future initiatives on
 computerization technology
In order to complete three - dimensional 
archives of cultural properties, research and 
development should continue to be promoted. 
In par ticular, because there are currently 
no  appa rent  bu s i nes s  deve lopment s  for  
three - dimensional digitization technology, 
universities and other public research institutions 
must continue these efforts.
Concrete technologies whose development 
is required for three -dimensional digitization 
i nc lude :  1)  prec i s ion th ree - d i mens iona l  
measurement sensors (in addition to precise 
measurement of shapes, they must use infrared 
and X-rays to measure materials); 2) high-speed, 
three-dimensional form measurement software; 
and 3) large - scale, three - dimensional form 
measurement software. In order for the data to 
be fit to leave to posterity, precision and scale 
must improve. Development of software for the 
search, display, and analysis of cultural properties 
that have been three-dimensionally digitized is 
also necessary. Furthermore, three-dimensional 
digitization of many cultural properties will 
require the formation of work teams with 
specialized technology and expertise.
5 Current and future trends
 concerning cultural properties
Cultural properties are a precious shared 
human heritage and have been passed down over 
the long span history to reach our generation. 
Preservation of cultural properties is a means 
of confirming our identity and is vital to the 
establishment of personal cultural foundations.
In the early 21st century, social conditions 
surrounding cultural properties both in Japan and 
overseas are rapidly changing. Although the basic 
position of cultural properties as “social public 
assets”[21] is unchanged, computerization and the 
diversification of people’s values are constantly 
advancing. Under these circumstances, attitudes 
towards cultural properties are also diversifying, 
and our perception of the role of cultural 
properties in society is expanding.
Although the fields whose experts currently 
deal with cultural properties preservation span 
archeology, architecture, architecture history, 
art history, cultural properties science, etc., it 
could hardly be said that mutual exchanges and 
information-sharing among these disciplines is 
at a desirable level. Consequently, the knowledge 
and expertise acquired by experts in a particular 
field may not be available to their counterparts 
in another field[22-23]. Development of scientific 
preservation, restoration, and utilization methods 
requ i res  comprehensive su r vey research 
spanning the humanities, social sciences, and 
natural sciences. In order to resolve the diverse 
issues facing cultural properties preservation, 
such as preservation and restoration, technology 
transfer, human resources development, and 
infrastructure development to provide access, 
more f lexible responses are required. They 
include:
(1) Collaboration among relevant organizations
Upgrading of Japan’s organizations for the 
preservation and restoration of tangible cultural 
properties is lagging well behind that of other 
countries. For example, there are many museums 
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in foreign countries, and most of them have 
conservation science laboratories, preservation 
and restoration departments, and preservation 
and restoration experts, including natural 
scientists, preservation repair technologists, 
carpenters, lathe operators, and painters. Few 
Japan museums have such conservation science 
or preservation and repair organizations or 
facil ities. In order for conservation science 
research to develop, the enhancement of 
organizations and equipment transcending the 
limits of the disciplines of those working with 
cultural properties is necessary.
Sc ience and tech nolog y re l ated to  the 
preservation and utilization of tangible cultural 
properties are diverse, but currently there are 
only limited markets for them. Therefore, public 
research institutions are obliged to take the lead 
in carrying out research and development. This 
situation is likely to continue. In the future, 
however, cooperation among those concerned 
with cultural properties and researchers and 
technologists in other fields should be further 
strengthened, and there should be greater 
col laboration among universities, research 
institute for cultural properties, museums, and 
other research institutions dealing with cultural 
properties, together with promotion of joint 
surveys and research.
(2) Promotion of integration of humanities,
 social science, and natural science fields
Looking ahead, whi le continual ly taking 
care to avoid harming the cultural value of 
tangible cultural properties, information and 
communications technology and other science 
and technology methods should be applied 
so that these properties can be accessed and 
utilized. In order to accomplish this, it is vital that 
researchers and technologists in the various fields 
concerned with cultural properties collaborate, 
formulate fundamental technologies, enhance 
basic research facilities for integrated research, 
build networks across academic disciplines, and 
create new science and technology that integrate 
the natural sciences, the humanities, the social 
sciences, culture and performing arts, and 
science and technology.
Regarding the results of analysis obtained 
through surveys, interpretations can vary greatly 
depending on the existence of expert knowledge. 
Lack of knowledge may lead to flawed results. 
Without expertise in materials science, proper 
analysis of the internal structure and organization 
of substances is impossible. Even the latest 
equipment and instruments are useless without 
the abi l ity and knowledge to uti l ize them 
properly. At the very least, collaboration must be 
strengthened by obtaining the participation and 
cooperation of scientific analysis researchers in 
cultural property research fields. First, efforts to 
enable natural science researchers to understand 
cultural properties are necessary.
(3) Training successor technologists
Most tangible cultural properties are made of 
wood, paper, lacquer, or other fragile materials 
and have structures that necessitate ongoing 
repairs. Because restoration uses traditional 
technologies and techniques, those who will 
preserve and inher it the technologies are 
now being trained. However, merely finding 
technolog ists and technicians to become 
successors is difficult in itself.
Examinat ion of  a  “Restorer of  Cu ltu ra l  
Properties” qualification system for cultural 
properties technicians directly involved with 
the preservation and restoration of cultural 
properties would be effective in fostering an 
ongoing succession of technologists, of whom 
there is now a shortage in Japan as well as in the 
USA and Europe.
(4) International technical cooperation
Japan has carried out technical cooperation 
for  the  res tor at ion  of  Japa nese  cu l t u r a l  
properties in many nations. In order to support 
the preservation and restoration of cultural 
properties from an international perspective, it 
will remain important to promote active technical 
cooperation with various countries, centered on 
Japan’s own technologies for the preservation and 
restoration of cultural properties.
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Glossary
*1 Portal site : A Web page that provides initial 
access to the Internet, with organized links 
to various fields.
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